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Figure Ill Polarized image of the
porphyritic (a) and nonporphyritic
O), C) chondru1es. (a) is porphyritic
pyroxene Porton, 2002), O)) is
radial pyroxene (Norton, 2002),







































Figure　2.I (a) A cross
section of the gas jet
levitator, (b) Photograph
image of a gas jet levitator･
Flow meter





































Figure　3.1 Phase diagram of MgO-SiO2












































Figure 3･2 Typical cooling curves of the forsterite
melts at various cooling rates.




Figure 3.3 Typical cooling curves of enstatite･ Solid lines (a,A)
show levitation method and (e-f) dash-dotted lines show Pt wire
method. Liquidus (1561 degC)and grass transition (750 degC)are
indicated bv broken lines.
ある.































Figure 3･4 A relationship between nucleation and how to hold a sample
droplet in MgO-SiO2 system. Triangles were temperature ofnucleation
as sample droplet held by Ptwire･ Crosses were temperature ofsample
kept stablewithout nucleation as supercooled levitated droplet over 1









































Figure 4･1 (a) Schematic diagram of
apparatusused for crystallization from
supercooled liquid by a gasJet levitation
technique. (b) Enlarged illustration of
broken square of (a). Schema of seeding



















Figure 4･2 Typical temperature curves of levitated enstatite melts, as they collidedwith dust
particles of enstatite at time = 0･ A few minutes later, laser power turned off and specimens
























Figure 4･3 Time-sequence images of crystallization process of enstatite levitated melts at various


















(Figure 4.4C, d). MgSiO3 majoriteは
enstatiteの高圧相にあたる(Figure
4.5).
Figure 414　Selected area electron difh･action patterns of
specimens. Image (a) shows orthoenstatite patterns at circle of
o)), which was crystallized at AT - 600 K･ (C) shows majorite
pattems at circle of (d), which was crystallized at AT - 800 K･
Majorite is highpressure phase of enstatite･
Pr仰山rl. CPb































Figure 4･6 Crystalphases and textures crystallized from levitated


















enstatite crystallized &om enstatite
melt･ (a) ～ (C) were specimens
seeded at different supercooling
under levitated environment. (a) AT
=　500　K. Porphyritic texture
crystallized丘om many nucleation
centers. O)) AT - 750 K. Radial
textures crystallized　from four
nucleation centers (arrow). (C) AT
= 860 K･ Radial texture crystallized
































































Figure 4.9 Solidification processinside ofa circular
melt using a phase filed model. S shows a
dimensionless supercooling and uo shows a initial











































になってきている(Ludwig, 1996; NagaShio and Kuribayashi, 2001; Ham et a1., 2001; Liu et a1., 2001).
コンドリュ-ルに含まれる代表的な珪酸塩のhypercooling limitを計算すると, forsteriteメルト
の場合, AHf-1 14 KJ/mol (Richet and Bottinga, 1986), Cp-268 Jmol~lK-1 (Ghiorso and Carmichael, 1980)
と与えられているので425 Kになり, enstatiteメルトの場合, △Hf-73.2±6 KJ/mol (Richet and Bottinga,


































































Figure 5･l Image of the chondmle fわrmation by collision with cosmic dusts･
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5.2. Radia一 enstatiteコンドリュール形成条件
Radial pyroxeneコンドリュ-ルに見られる放射状組織はenstatiteメルトの過冷却度が600 K <
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Table 5･1 Experimental corLditions in Pt rod experiments
model (Acs) (kmV/S) (mrm) d(/-3)C,　　　　Reference
shock wave lOO　　5.0　　0.1　　640 - 850　　7.5 see lida et al. (ユool)
lightning　　20　 5.0　　0-2　　　32 142　　38 see Horanyi and Robertson (1996)
shockwave　　9.7　10　　0.1　　31 -41　　77 see Miuraetal. (2002)
































[1] Bates P.W., Fife P.C., Gardner R.A. and Jones C･K･R･T･ (1997) Phase field models for
hypercooled solidification, Physica D, 104, 1-3 1
[2] Bell K.R., Cassen P.M., Wasson J.T. and Woolum D.S･ (2000) The FU oriOnis phenomenon and
solar nebula material, in Protostarsand Planets IV, 8971926
[31 Boss P.A. and C血am JA･ (1993) Clumpy disk accretion and chondmle fbmation, Icarus, 106,
168-178
[4] Bowen N.L and Andersen O･ (1914) The Binary System MgO-SiO2, Amer･ J･ Sci･ 4th ser･, 37･
487-500
【51 Brearley A.∫. and Jones R･H･ (1999) Chondritic meteorites, in Reviews in mineralogy volume 36;
Planetary materials, pp. (3-)1 -398
[6] Clayton R.N., Onuma N., Grossman L･and Mayeda T･K･ (1977) Distribution of the pre-Solar
component in Allende and other carbonaceous chondrites, Earth and Planetary Science Letters,
34,209-224
[7] Connolly Jr. H.C.and Love S･G･ (1998) The formation ofchondrule: Petrologic tests of the shock
wave model, Science, 280, 62-67
[8] Feigelson E.D. and T. Montmerle (1999) High-energy processes in young stellar objects, Annu.
Rev. Astron. Astrophys., 37, 363-408
[9] Genge M.J. (2000) Chondrule formation by the ablation of small planetesimals, Meteoritics &
Planetary Science, 35, 1143-1150
[10] Glicksman M.E. and Schaefer R･J. (1967) Investigation of solid/liquidinterface temperaturesvia
isenthalpic solidification, Joumal of crystal growth, 1 , 297-3 1 0
[11] Grossman J.N., Rubin A.E., Nagahara H･ and King E･A･ (1988a) PropeHies or chondrules, in
Meteorites and the early solar system, pp･ 619-659
[12] Grossman ∫.N. (1988b) Formation of chondrules, in Meteorites and the early solar system, pp･
6801696
[13] Ham X.J., Yang C., Wei B., Chen M･ and Guo Z,Y･ (2001) Rapid solidification of highly
undercooled Ni-Cu alloys, Materials Science and Engineering A, 307, 35-4 1
[14] Hewins R.H. and Herzberg CIT･ (1996) Nebular turbulence, chondrule formation,and the
composition of the earth, Earth Planet･ Sci･ Lett･･ 144, 117
-31-
[15] Hood L.L.and Horanyi M. (1993) The nebular shock wave model for chondrule formation:
One-dimensional Calculations, Icarus, 106, 179-1 89
[16] Horanyi M･ and Robertson S･ (1996) Chondrule fbmation in lightning discharges: Status of
theory and experiments, in Chondrules and the Protoplanetary Disk, pp･ 303-3 10
[17] Iida A., T. Nakamoto, H. Susa aid Y. Nakagawa (2001) A Shock Heating Model for Chondru1e
Formation in a Protoplanetary Disk, Icarus, 153, 430-450
[18] Jones R･H･, Lee T･, Connolly Jr. H.C., Love S.G. and Shang H. (2000) Formation ofchondrules
and CAIs: Theory vs. observation, in Protostars and Planets IV, 927-962
[19] Kobayashi R･ (1993) Modeling and numerical simulations of dendritic crystal growth, Physica D,
63,410-423
[20] Krot AIN.and Rubin A･E. (1994) Glass-rich chondrules in ordinary chondrites, Meteoritical
Society, 29, 697-707
[21]Liu X.Y., Tsukamoto K. and Sorai M. (2000) New kinetics of CaCO3　nuCleation and
microgravity effect, Langmuir, 1 6, 5499-5502
[22] Liu X･Y･ and Tsukamoto K･ (2002) The effect ofmicrogravity on nucleation kinetics, J. Jpn. Soc.
MicrogravityApp1., 19, 14-18
[23] Liu YC･, Yang GC･, Guo X･F･, Yang ∫.H., Xu D.S. and Zhou YH. (2001) Microstructure and
mechanical properties of the hypercooled Ti50A150 alloy, Materials Research Bulletin, 36,
963-969
[24] Lofgren G･ and Russell W･J･ (1986) Dynamic crystallization of chondrule melts ofporphyritic and
radial pyroxene composition, Geochimica et Cosmochimica Acta, 50, 1715-1726
[25] Lofgren a (1989) Dynamic crystallization of chondrule melts of porphyritic olivine composition:
Textures experimental and natural, Geochimica et Cosmochimica Acta, 53, 46 1 -470
[26] Lofgren G･ and Lanier A･B･ (1990) Dynamic crystallization study of barred olivine chondrules,
Geochimica et Cosmochimica Acta, 54, 3537-355 1
[27] Lofgren GE･ (1996) A dynamic crystallization model for chondrule melts, in Chondrules and the
Protoplanetary Disk, pp. 187-196
[28] LudwigA･ (1996) Hypercooling of an organic alloy melt, Scripta Materialia, 34, 579-584
[29] Miura H., Nakamoto T･ and Susa H･ (2002) A Shock-Wave Heating Model for Chondrule
Formation: Effects of Evaporation and Gas Flows on Silicate Particles, Icarus, 160, 258-270
-32-
[30] Mostefaoui S., Kita N. T., Togashi S., Tachibana S･, Nagal1ara H･, Morishita Y. (2002) relative
formation ages of ferromagnesian　chondrules infbrred　丘･om their initial
aluminum-26/aluminum-27 ratios, Meteoritics & Planetary Science, 37, 421-438
[31] Nagahara H. (1981) Evidence for secondary origin ofchondrules, Nature, 292, 135-136
[32] Nagashio K. and Kuribayashi-K. (2001) Rapid solidification of Y3A15012 Gamet from
hypercooled melt, Acta materialia, 49, 1947-1955
[331 Norton 0.良. (2002) Primitive meteorites: the chondrites, in The Cambridge encyclopedia of
meteorites, pp. 79-loo
[34] Ott U･ (2001) Presolar grains in meteorites: an overview and some implications, Planetaryand
Space Science, 49, 763-767
[35] Paradis P･F･, Babin F･ and Gagne J･M･ (1996) Study of the aerodynamic trap fわr containerless laser
materials processing in microgravity, Rev･ Sci･ Instrum･, 67, 2621270
[36] Richet P･ and Bottinga Y･ (1986) Thermochemical properties of silicate glassesand liquids: A
review, Reviews of Geophysics, 24,ト25
[37] Presnall D･C･ (1995) Phase diagrams of Earth-forming minerals, in Mineral Physics &
crystallography: a handbook of physical constants, pp, 2481268
[38] Ruzmaikina T･V and lp W･H･ (1994) Chondrule fb-ation in radiative shock, Icarus, 1 12, 430-447
[39] Shu F･H･, Shang H･ and Lee T･ (1996) Toward an astrophysical theory ofchondrites, Science, 271,
1545-1552
[40] Shu F･H., Shang H･, Glassgold A･E. and Lee T･ (1997) X-rays and Fluctuating x-winds from
protostars, Science, 277, 1475-1479
[41] Tangeman J･A･, Phillips B･L･, Navrotsky A･, Weber J･K･R･, Hixson A･D･and Key T･S･ (2001)
vitreous fbrsterite (Mg2SiO4): synthesis, structure and the-ochemistry, Geophys･ Res･ Le比,
28, 2517-2520
[42] Trivedi R･and Kurz W. (1985) Morphological stability of a planar interface under rapid
solidification conditions, Acta mettal. Mater., 34, 1663-1670
[43] Trivedi R･ and Kurz W･ (1994) Solidification microstructures: A conceptual approach, Acta mettal･
Mater., 42, 15-23
[44】 ¶uchiyama A･, Nagahara H･, Kushiro I･ (1980) Experimental reproduction of textures or
chondrules, Earth Planet. S°i. Left., 48, 155-165
-33-
[45] Tsuchiyama A･, Nagahara H･ (1981a) Effects ofprecooling thermal historyand cooling rate on the
texture of chondrules: A preliminary report, Mem･ Nalt･ Inst･ PolarRes･, Special Issue 20,
175-192
[46] Tsuchiyama, A･, H. Nagahara and I. Kushiro (1981b), Volatilization of sodium from silicate melt
sphres and its application to the formation of chondrules, Geochimica et Cosmochimica Acta,
45, 1357-1367.
[47] Tsuchiyama A., Kawabata T･, Kondo M･, Uesugi K･, Nakano T., Suzuki Y., YagiN., Umetani K.
and Shirono S. (1999) Spinning chondrules dedeuced from their three-dimensional structures
by x-ray, Lunar and Planetary Science, XXXI, 1566-1 567
[481- Tsukamoto K･, Satoh H" Takamura Y. and Kuribayashi K (1999) A new approach for the
formation of olivine-chondrules by aero-acoustic levitation, Antarctic Meteorites, 24, 1 791 1 8 1
[49] Tsukamoto K･, Kobatake H･, Nagashima K., Satoh H. and Yurimoto Y. (2000) Crystallization of
cosmic materials in microgravity, Antarctic Meteorites, 25, I 72- 1 74
[50] Tsukamoto K･, Kobatake H･, Nagashima K･, Satoh H. and Yurimoto Y. (2001) Crystallization of
cosmic materials in microgravity, Lunar and Planetary Science, 31, 1 846-1 846
[51] Volmer M･ (1939) in Kinetic der Phasenbildung, pp. 239-252
[52] Weidenschilling S･J･, Marzari F･ and Hood LL (1998) The origin of chondrules at joviaれ
resonances, Science, 279, 6811i84
[53】 Yokoyama E･, Irisawa T., Satoh H., Naga5hima K. and Tsukamoto K., Fomation of rims
surrounding a chondrule during solidification uslng the phase filed modelinthree dimensions,
in preparation
l54] Zanda, B･ (2004), Chondrules, Earth Planet. Sci. Lett., 224, 1-17
-34-
TOUR ： Tohoku University Repository 
コメント・シート 
 
本報告書収録の学術雑誌等発表論文は本ファイルに登録しておりません。なお、このうち東北大学
在籍の研究者の論文で、かつ、出版社等から著作権の許諾が得られた論文は、個別に TOURに登録
しております。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOUR 
http://ir.library.tohoku.ac.jp/ 
 
